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Conclusion
Within the scope of PathoPig, increased post mortem examinations led to aetiological diagnoses allowing 
specific therapeutic treatments and management recommendations. An additional value of the project is 
the improvement of collaboration between diagnostic laboratories, veterinarians and producers, thereby 
strengthening awareness and early detection of pig diseases.
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Abstract
Streptococcus suis (S. suis) is a zoonotic agent worldwide. Pigs are the main reservoir, mostly asymptomatic. 
Humans get the infection by contact and consumption of contaminated meat and meat products. In this study, 
samples from 38 pig carcasses fit for human consumption from 17 holdings were arbitrarily selected. From 
each carcass, seven tissue samples were taken and examined for the presence of S. suis, using conventional 
microbiology and PCR. In addition, virulence-associated factors (epf, arcA, sly, mrp) were tested with PCR. 
More isolates were PCR-positive for S. suis as compared to conventional testing, mostly in samples from the 
heart and from the mandibular lymphnodes. All isolates were epf negative, combinations of arcA, sly and 
mrp were found in some isolates. Six isolates were positive for arcA and mrp, five for arcA and sly. For three 
isolates the triple combination arcA + mrp + sly was found. These isolates originated from different pigs.
Introduction
Streptococcus (S.) suis is a gram-positive coccus with about 35 serotypes with different virulence (Lun 
et al., 2007; King et al., 2001; Staats et al., 1997). Serotypes 1 – 9 were found in more than 70% of S. suis 
isolated from diseased pigs. Serotype 2 is most prevalent in human cases worldwide, followed by serotype 
14. The distribution of serotypes varies between different regions in the world. In North America serotypes 
2 and 3 were most prevalent, and in Asia serotype 2. In contrast, in Europe, e.g. Germany, The Netherlands 
and Belgium, serotype 9 was mostly found and in Italy, France and Spain serotype 2 (Goyette-Desjardins et 
al., 2014). 
In humans, septicaemia, meningitis and endocarditis are possible clinical signs (Lun, 2007; Skrikandan and 
Slater, 2006; Staats et al., 1997). Human cases are observed in particular from South-East-Asian countries, 
mostly expressed as meningitis (Coker et al., 2011; Lun et al., 2007; Gottschalk, 2006). The main route of 
human infection is through contact with contaminated animals (skin lesions), carcasses or meat (Goyette-
Desjardins et al., 2014).
The respiratory tract of pigs is a natural habitat of S. suis. Clinical healthy pigs are a reservoir for S. suis. 
In pigs clinical signs such as meningitis may occur in case of predisposing factors like overcrowding, poor 
ventilation or coinfection with other pathogens (Staats et al., 1997).
For identification of S. suis, conventional microbiological identification, serotyping and PCR-tests are 
possible. In this study, samples were taken from 38 pig carcasses fit for human consumption and examined 
for S. suis by conventional microbiology and PCR. Serotyping was not performed. For virulence-associated 
factors, PCR was done.
Material and Methods
38 pig carcasses fit for human consumption from 17 holdings in Germany were arbitrarily selected. Each 
carcass was tested at seven sample locations (heart, kidneys, skin of the thoracic site or the belly, mandibular 
lymph nodes, tonsils, lymphonodi thoracici aortici and muscle from the diaphragm). In total, 608 samples were 
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collected and examined with conventional microbiology tests. In the end, 234 presumptive Streptococcus 
isolates were obtained. These isolates were then examined for Genus Streptococcus and Species S. suis with a 
test set (Table 1) and with PCR following Picard et al. (2004) for tuf gene (Genus level) and following Silva et al. 
(2006) for gdh gene (Species level). PCR-positive isolates were tested for genes of virulence-associated factors 
arcA (arginine deiminase), epf (extracellular factor), sly (suilysin) and mrp (muramidase-released protein) 
using PCR following Silva et al. (2006).
Table 1: Test set for conventional identification of Genus Streptococcus and Species S. suis
biochemical reaction expected result
Genus Streptococcus
Catalase negative
Oxidase negative
gas from glucose negative
Species S. suis
hemolysis alpha or beta
hippurate hydrolysis negative
esculine hydrolysis positive
arginine hydrolysis positive
mannitol fermentation negative
sorbitol fermentation negative
Results
Following Table 1, 231 isolates were Streptococcus-positive. Out of these, 77 isolates were identified as S. 
suis. Out of the 234 tested isolates, PCR identified 185 isolates as positive for Genus Streptococcus (tuf +). Out 
of these, 114 isolates were positive for S. suis-PCR (gdh +) (Table 2).
Table 2: Conventional and PCR results for Genus Streptococcus and Species S. suis
positive negative total
Conventional 
examination
Genus Streptococcus 231 (98.7 %) 3 (1.3 %) 234
Species S. suis 77 (33.3 %) 154 (66.7 %) 231
PCR Genus Streptococcus 185 (79 %) 49 (21 %) 234
Species S. suis 114 (61.6 %) 71 (38.4 %) 185
The PCR-positive isolates were tested for virulence-associated factors. In 37 out of the 38 pig carcasses 
examined virulence-associated factors were found in isolates from different tissues. Only one animal was 
negative for all virulence-associated factors. All isolates were epf-negative. 108 isolates were arcA-positive. 
Six isolates were positive for mrp and five for sly. Different combinations with arcA-positive isolates were 
found, too. Double combinations were found for arcA and mrp respectively sly, three isolates showed a triple 
combination of virulence-associated factors (arcA + mrp + sly). These isolates were from three different pigs 
from different farms (Table 3).
Mostly isolates from heart and mandibular Lnn. were positive for S. suis. Virulence-associated factors were 
found in isolates from all tissues. Most positive samples stem from heart and mandibular lymph nodes (Table 3).
Table 3: S. suis PCR-positive isolates (gdh +) and results of testing for virulence associated factors per sample location and animal (n 
= 114)
sample location isolates 
in total
gdh-
positive
epf 
positive
arcA 
positive
mrp 
positive
sly 
positive
arcA + 
mrp
arcA + 
sly
arc A + mrp 
+ sly
Heart 37 32 0 31 2 1 2 1 1
Kidney 34 18 0 16 0 0 0 0 0
Skin 37 12 0 11 0 0 0 0 0
Lnn. 
mandibulares
39 25 0 23 2 1
2 1 1
Tonsils 30 6 0 6 1 0 1 0 0
Lnn. thoracici 
aortici
23 9 0 9 1 1
1 1 1
Muscles from 
diaphragm
31 12 0 12 0 2
0 2 0
Total 231 114 0 108 6 5 6 5 3
Number of 
animals
38 37 0 37 6 5
6 5 3
Overall, the following combinations of virulence-associated factors could be found in comparison of PCR 
and conventional microbiology (Table 4). Out of these 11 isolates, only two isolates could be identified as S. 
suis by the test set. But all eleven isolates were S. suis-positive by PCR.
Table 4: Conventional microbiology vs. PCR for isolates with combination of virulence-associated factors
virulence-
associated factors
PCR-positive 
(n)
Conventional
Genus 
Streptococcus
S. suis non-S. suis
arcA + mrp 6 6 2 4
arcA + sly 5 5 0 5
arcA + mrp + sly 3 3 0 3
Discussion
One pig was negative for S. suis with both techniques applied. With PCR, more isolates were positive for 
S. suis as compared to conventional identification. Conventional microbiological testing (Table 4) could not 
detect all eleven isolates, which show combinations of virulence-associated in PCR. PCR could detect more 
isolates that are positive for S. suis. 
In other studies, tonsils were found as main reservoir of S. suis in pigs (Chanto, 2013; Padungtod et 
al., 2010; Lun et al., 2007). In the present study, heart and mandibular lymph node samples were more 
frequently positive than tonsils (Table 3). Here in all parts of a pig carcass S. suis was found. Positive isolates 
from different heart tissues (valves, septum, heart muscle) as examined in our study may indicate a recent 
bacteremia of the animal. So all parts of a pig can be a possible source of infection. Human cases have been 
reported from persons with direct contact to asymptomatic pigs or carcasses (Goyette-Desjardins et al., 2014; 
Lun et al., 2007) and nearly all pig farms worldwide can be tested positive for S. suis (Higgens and Gottschalk, 
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frequently positive than tonsils (Table 3). Here in all parts of a pig carcass S. suis was found. Positive isolates 
from different heart tissues (valves, septum, heart muscle) as examined in our study may indicate a recent 
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2006). So, a surveillance system of pig farms to identify asymptomatic pigs could help to improve food safety. 
Conclusion
Based on our isolates, and comparing PCR and conventional techniques, both were able to identify the 
Genus Streptococcus with the same accuracy. On Species level, the molecular biological tests yielded more 
members of the Species S. suis. All parts of a pig can be positive for S. suis and can represent a possible source 
of infection in humans. A surveillance system should be developed to identify asymptomatic carriers of S. suis.
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15. Seroprevalence of Salmonella sp. on sixteen small one-site pig farms in Slovenia
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Abstract
Salmonellosis is considered to be one of the most common food-borne illnesses in humans. Swine can 
be infected with a broad range of salmonella serotypes that can be source of infection of pork products. 
Salmonella reduction programs on pig farms can be achieved with serological monitoring. It is important to 
identify pig farms that carry a high percentage of infected animals, hence represent a bigger risk factor for 
introducing salmonella in the meat production chain. Proper measures should be introduced to reduce the 
salmonella contamination on infected farms.
Between years 2012 and 2014, 16 small one-site pig farms participated in a study of seroprevalence of 
different pathogens, including Salmonella sp. During the research, 166 sera samples were tested for presence 
of antibodies against salmonella with ELISA Swine Salmonella Antibody Test Kit (IDEXX). Samples with OD % 
equal or greater than 20 % (S/P = 0.5) were classified as positive (more stringent screening). 21 % of breeding 
animals and 5.8 % of fatteners were serologicaly positive.
Compared to previous studies, it is apparent that seroprevalence of salmonella on pig farms in Slovenia 
has not augmented (2006 OD 20 % was 21.3 %, 2007 OD 20 % was 24 % and 2008 OD 20 % was 24.8 %). 
Seroprevalence is still low in Slovenia. Aside from the level of primary production, it is important to continue 
monitoring in other stages of the food chain, such as food and animal feed.
Introduction
Salmonella infections of swine are of concern for two major reasons. The first is clinical disease in pigs 
(salmonellosis) and the second is that swine can be infected with a broad range of Salmonella serotypes 
that can potentially contaminate pork products and pose a threat to human health. Many of the more than 
2400 Salmonella serotypes have a broad host range, but several serotypes are quite adapted to a single host. 
Salmonella Choleraesuis is a type of species for the genus Salmonella which is adapted to swine (Carlson et 
al., 2012).
Salmonellosis is considered to be one of the most common food-borne illnesses in humans and represents 
a worldwide health problem. Among the top 20 Salmonella serotypes isolated from diseased human, four 
are commonly isolated from swine (Doyle et al., 2009; Foley and Lynne, 2008; Foley et al., 2008; Štukelj et al., 
2009). Although much of the contamination of pork products occurs by fecal contamination during slaughter 
within abattoirs, infected pigs leaving the farm are considered the original source of abattoir contamination 
(Botteldoorn et al., 2003; Isaacson et al., 1999).
Due to the impact that Salmonella has on public health and health-status of pig heards, it is important 
to identify pig farms that carry a high percentage of infected animals, hence represent a bigger risk factor 
for introducing Salmonella in the meat production chain. Proper measures should be introduced to reduce 
Salmonella contamination on infected farms (Štukelj et al., 2009). Salmonella reduction programs are 
becoming commonplace, with long-range goals to include the production and marketing of salmonellae-free 
pork products. Numerous dynamic programs are in place utilizing hazard analysis and critical control point 
principles (Carlson et al., 2012). These programs that have been in place for a sufficient period of time, such 
as the Danish program, have sufficiently reduced the rate of Salmonella infection in pork products (Nielsen 
